Introduction
Diabetes is a prevalent disease, estimated to affect more than 29 million people in the USA. 3 In adults, type 2 diabetes (T2D) accounts for up to 95% of diagnosed cases. 3 Total annual health care costs for diabetes in the USA are estimated to reach
The pathophysiology of T2D is complex and involves defects in multiple organs. 5, 6 Patients with T2D often have comorbid conditions that lead to increased morbidity and mortality and render the management of their care even more challenging. 1 The most common comorbidities in patients with T2D are obesity, hypertension, and dyslipidemia. 1, 7 It is estimated that approximately 60% of patients with T2D are obese, 70% have hypertension, and nearly half have both comorbid conditions. 3, 8, 9 The overall prevalence of dyslipidemia is similar in patients with and without T2D, but in patients with T2D, the number and density of low-density lipoprotein (LDL) particles is increased, which may contribute to a greater risk for adverse macrovascular events. 10 The management and treatment of diabetes-related complications (eg, cardiovascular [CV] , renal, and peripheral vascular disease) account for a substantial portion of health care resource use. 4 Quality measures in the USA were developed to ensure that patients receive health care services that improve the likelihood of achieving desired health outcomes and align with current knowledge. 11 National agencies such as the Centers for Medicare and Medicaid Services and the Veterans Health Administration have adopted quality measures to specifically evaluate the performance of diabetes care, 12 including assessments of glycemic and blood pressure (BP) control. 12 The Agency for Healthcare Research and Quality (AHRQ) has also adopted an extensive set of diabetes quality measures, 13 and the National Quality Forum (NQF), whose endorsement is considered the gold standard for health care quality, 14 rigorously maintains quality measures to improve safety and health outcomes and to reduce costs. 15, 16 Among the more stringent diabetes measures implemented by the AHRQ related to treatment effects are the achievement of glycated hemoglobin (A 1C ) <7%, systolic and diastolic BP (SBP/DBP) of <130/80 mmHg, and LDL cholesterol (LDL-C) of <100 mg/dL. [17] [18] [19] The NQF endorses a more relaxed measure of A 1C <8% for good glycemic control and additionally measures the proportion of patients with poor glycemic control, defined as A 1C >9%, who are therefore at higher risk for chronic complications (eg, blindness, neurologic dysfunction). The NQF also endorses a BP measure of <140/90 mmHg for adequate BP control [20] [21] [22] and evaluation of appropriate statin use as part of a composite measure for optimal diabetes care ( Table 1) . 23 Current treatment guidelines from the American Association of Clinical Endocrinologists (AACE) and the American Diabetes Association (ADA) generally align with NQFendorsed measures, although stricter A 1C goals of ≤6.5% (AACE) or <7% (ADA) are recommended for most adults with diabetes.
1,2 Both guidelines allow for less stringent goals in patients with extensive comorbidities. 1, 2 In alignment with the AHRQ, the AACE also supports a BP goal of <130/80 mmHg and an LDL-C goal of <100 mg/dL in patients with diabetes and no atherosclerotic CV disease or other major CV risk factors. 2, 18, 19 Weight management is also an essential aspect of diabetes management, 1,2 and weight loss of 2-8 kg may provide clinical benefits, especially in patients with more recently diagnosed T2D. 1 The AACE recommends a weight loss goal of at least 5%-10% of body weight and avoidance of weight gain, 2 and the AHRQ endorses a quality measure to determine the percentage of patients with diabetes and body mass index (BMI) >25 kg/m 2 who have lost 4.5 kg (~10 lb) in the last year (Table 1) . 24 There is a continued need to improve the quality of care for patients with T2D. In an analysis of data from the National Health and Nutrition Examination Survey (2007-2010, N=1,444) , approximately half of patients with T2D did not achieve A 1C , BP, or LDL-C goals. 8 The purpose of the 
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Quality measures with dapagliflozin plus metformin XR current study was to evaluate the effects of dapagliflozin, a once-daily, orally administered sodium-glucose cotransporter-2 (SGLT-2) inhibitor, 25 in combination with metformin extended-release (XR) on quality measures relevant to diabetes care in treatment-naive patients. By inhibiting renal glucose reabsorption and inducing glucose excretion in the urine (glucosuria), dapagliflozin has been shown to effectively lower A 1C when administered as monotherapy or in combination with other antidiabetes agents in patients with T2D. [26] [27] [28] [29] [30] [31] Dapagliflozin also produces mild osmotic diuresis and modest reduction in BP 32 and causes body weight loss related to glucosuria and associated caloric loss. 32, 33 Small changes in LDL-C and high-density lipoprotein cholesterol have also been observed with dapagliflozin. 34 In two Phase III trials in treatment-naive patients with T2D, dapagliflozin 5 or 10 mg/d as initial combination therapy with metformin XR significantly lowered A 1C concentrations from baseline to 24 weeks compared with monotherapy with either component, without increasing the risk for hypoglycemia. 35 We conducted a pooled analysis of these two studies to evaluate the effect of combination therapy with dapagliflozin plus metformin XR on quality measure thresholds.
Methods
This was a post hoc pooled analysis of two randomized, placebo-controlled Phase III studies of dapagliflozin (5 or 10 mg/d) with or without metformin XR (titrated to a maximum 2,000 mg/d) in treatment-naive adult patients with T2D (NCT00643851 and NCT00859898). 35 Each study included patients aged 18-77 years with A 1C uncontrolled by diet and exercise alone (A 1C range 7.5%-12.0%). Patients with serum creatinine ≥1.5 mg/dL (men) or ≥1.4 mg/dL (women), symptoms of poorly controlled diabetes, clinically significant disease (eg, renal, hepatic, hematological, oncological, endocrine, psychiatric, or rheumatic disease), a CV event within the previous 6 months, preexisting congestive heart failure, or SBP/DBP reaching ≥180/110 mmHg were excluded.
In Study 1, 598 patients were randomized to and received dapagliflozin 5 mg/d plus metformin XR (n=194), dapagliflozin 5 mg/d plus placebo (n=203), or metformin XR plus placebo for 24 weeks (n=201). In Study 2, 638 patients were randomized to and received dapagliflozin 10 mg/d plus metformin XR (n=211), dapagliflozin 10 mg/d plus placebo (n=219), or metformin XR plus placebo (n=208) for 24 weeks. 35 The primary efficacy end point in each study was the change from baseline in A 1C at Week 24. Of the secondary end points included in the studies, the proportion of patients achieving A 1C <7% and change from baseline in body weight were related to quality measures. Safety assessments and laboratory analyses were also performed. 35 Data from patients treated with dapagliflozin 5 mg/d plus metformin XR in Study 1 and dapagliflozin 10 mg/d plus metformin XR in Study 2 were used for this analysis and are referred to here as "combination therapy"; data from patients treated with metformin XR plus placebo in Studies 1 and 2 were pooled for evaluation and are referred to here as "metformin monotherapy".
Assessments
The purpose of this pooled analysis was to evaluate differences in the proportion of patients achieving US diabetes quality measures with initial dapagliflozin 5-or 10-mg/d combination therapy vs metformin monotherapy. Assessments included the proportions of patients achieving A 1C ≤6.5%, <7%, or <8% (good glycemic control) or with A 1C >9% (poor glycemic control) at 24 weeks. The proportions of patients achieving BP <130/80 mmHg, BP <140/90 mmHg, or LDL-C <100 mg/dL at 24 weeks were also assessed, as were composite outcomes including A 1C , BP, and LDL-C components (A 1C <7% and BP <140/90 mmHg; A 1C <7%, BP <140/90 mmHg, and LDL-C <100 mg/dL; A 1C <8%, BP <140/90 mmHg, and LDL-C <100 mg/dL 36 ) was also conducted to evaluate the consistency of treatment effects. The proportion of patients with baseline BMI of 25 to <30 kg/m 2 or ≥30 kg/m 2 who lost ≥4.5 kg at 24 weeks was also assessed.
Statistical analyses
P-values for the dapagliflozin 5-or 10-mg/d combination therapy groups vs the metformin monotherapy group were based on the Fisher's exact test, with corresponding 95% confidence interval based on asymptotic normal approximation to binomial distribution. The proportion of patients (percentage) achieving quality measure thresholds was based on the number of patients with available data.
Results
Of 814 patients included in this analysis, 194 were randomized to dapagliflozin 5 mg/d combination therapy, 211 to dapagliflozin 10 mg/d combination therapy, and 409 to metformin monotherapy. Baseline demographics and disease characteristics were generally balanced among groups ( 
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Bell et al 129 mmHg in the dapagliflozin combination therapy and metformin monotherapy groups, respectively, and mean DBP was 80 mmHg in each group. Most patients (>85% in any group) had a BMI of ≥25 kg/m 2 at baseline. Mean baseline LDL-C was similar among groups (range 121-126 mg/dL), and ~80% of patients were not taking a statin. Compared with metformin monotherapy, significantly higher proportions of patients achieved BP <140/90 mmHg with either dose of dapagliflozin combination therapy (P<0.02 for each dose; Figure 2 ). Higher proportions of patients also achieved the more stringent BP threshold of <130/80 mmHg with combination therapy, with a statistically significant difference from metformin monotherapy for dapagliflozin 5-mg/d combination therapy (P=0.015) and a numeric difference for dapagliflozin 10-mg/d combination therapy. Across treatment groups, a similar proportion of patients had LDL-C <100 mg/dL (difference of <4%; Figure 2 ).
Individual quality measure outcomes

Composite quality measure outcomes
Significantly higher proportions of patients achieved A 1C <7% and BP <140/90 mmHg with dapagliflozin 5-or 10-mg/d combination therapy compared with metformin monotherapy (P<0.01 for each dose, Table 3 ). A slightly higher proportion 102 (25) 33 (17) 46 (22) 8% to <9%, n (%) 102 (25) 62 (32) 57 (27) ≥9%, n (%) 205 (50) 99 (51) 108 (51) 
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Quality measures with dapagliflozin plus metformin XR of patients achieved the composite outcome of A 1C <7%, BP <140/90 mmHg, and LDL-C <100 mg/dL with dapagliflozin combination therapy, although differences were not significant vs metformin monotherapy. Similar proportions of patients achieved the less stringent composite outcome of A 1C <8%, BP <140/90 mmHg, and LDL-C <100 mg/dL across groups (22.5%, 20.8%, and 20.1% with dapagliflozin 5-and 10-mg/d combination therapy and metformin monotherapy, respectively).
Quality measures by baseline BMI
Among patients with BMI <25 kg/m 2 , significantly more achieved A 1C <8% with dapagliflozin 10-mg/d combination therapy than with metformin monotherapy (P<0.05), but not with dapagliflozin 5-mg/d combination therapy. No statistically significant differences between the proportion of patients achieving A 1C ≤6.5% and <7% were observed with dapagliflozin 5-or 10-mg/d combination therapy compared with metformin monotherapy. There was also no statistically significant difference in the proportion of patients who had 
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Bell et al effect on BP in patients with baseline BMI ≥30 kg/m 2 , with significantly more patients achieving BP <140/90 mmHg or <130/80 mmHg with dapagliflozin combination therapy vs metformin monotherapy (P<0.05 for all comparisons, Table 4 ). No significant difference was observed in the proportion of patients with LDL-C <100 mg/dL in any of the BMI subgroups, except a significantly lower proportion of patients receiving dapagliflozin 10-mg/d combination therapy achieved LDL goals compared with metformin monotherapy among patients with baseline BMI ≥30 kg/m 2 (P<0.05 vs metformin monotherapy). A trend toward a greater effect (ie, higher proportions of patients) on composite outcomes with combination therapy was also observed in patients with higher baseline BMI (Table 5) .
Higher proportions of patients with baseline BMI 25 to <30 kg/m 2 lost ≥4.5 kg during the study with combination therapy (Figure 3 
Discussion
This analysis is the first to evaluate quality measure attainment with an SGLT-2 inhibitor initiated in combination with metformin in treatment-naive patients with T2D. In this pooled analysis of two Phase III studies, significantly more patients achieved quality measure thresholds with dapagliflozin 5 or 10 mg/d plus metformin compared with metformin monotherapy. The quality measures evaluated in this analysis are associated with a reduced risk for future diabetic complications and generally align with current treatment guidelines and NQF-endorsed measures for adults with T2D. 1, 22 For example, significantly more patients achieved the AACE and ADA A 1C goals of ≤6.5% and <7%, respectively, recommended for most patients, 1,2 with dapagliflozin combination therapy compared with metformin monotherapy. 
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Because the patient population in the study had relatively early disease, the achievement of glycemic targets could potentially reduce long-term macrovascular complications. 1 Significantly more patients also achieved the NQF-endorsed A 1C threshold of <8% 23 with initial combination therapy than with metformin monotherapy. In addition, combination therapy decreased BP to thresholds recommended by the ADA and NQF (<140/90 mmHg) and the AACE (<130/80 mmHg).
1,2,22
Analyses of quality measure attainment from two 52-week trials of canagliflozin vs sitagliptin added either to metformin or metformin plus a sulfonylurea in patients with inadequate glycemic control have been published. [37] [38] [39] In these analyses, a higher proportion of patients receiving canagliflozin 300 mg/d achieved individual and composite quality metric end points compared with patients receiving sitagliptin 100 mg/d. The duration (24 weeks vs 52 weeks), patient population (treatment-naive vs treatment failure), and design (placebo-controlled vs active controlled) limit comparison of the dapagliflozin and canagliflozin data, but the proportion of patients achieving A 1C and BP quality measure targets when treated with SGLT-2 inhibitors is generally greater for SGLT-2 inhibitors than for the respective comparators.
Consistent with the mechanism of action of dapagliflozin, 33 significantly more patients with baseline BMI ≥30 kg/m 2 lost ≥4.5 kg over 24 weeks with dapagliflozin 10 mg/d plus metformin than with metformin monotherapy. This may be particularly pertinent for a patient population such as this with more recent-onset diabetes, because weight loss of 2-8 kg early in the disease course may have clinical benefits. 1 The value of combination therapy appeared to be the greatest in patients with higher baseline BMI, particularly for achievement of good glycemic control quality measures. The proportion of patients achieving A 1C ≤6.5%, <7%, and <8% increased as baseline BMI increased, suggesting greater benefit in overweight and obese patients. These findings are important, given that most patients with T2D (~85%) are overweight and obese. 40 Thus, initial combination therapy with dapagliflozin and metformin may be a useful treatment choice among patients with higher baseline BMI to help them achieve A 1C goals. The proportion of patients achieving a composite quality measure of A 1C <7% and SBP/DBP <140/90 mmHg also increased as baseline BMI increased in patients who received initial combination therapy. It must be noted, however, that this was a post hoc analysis, and additional prospective studies powered to test the relationship between goal achievement and baseline BMI are needed to confirm these findings.
Composite measures including a number of treatment goals have been widely adopted, potentially improving reliability for physician-level quality-of-care scores over single-component measures. 12, 41 There are several approaches to composite scoring; for example, the all-or-none approach used in this analysis dictates that all the individual goals 
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Quality measures with dapagliflozin plus metformin XR in the composite measure must be reached for the measure to be considered a success. 42 In this analysis, significantly more patients achieved the more stringent composite measure of A 1C <7% and BP <140/90 mmHg with combination therapy than with metformin monotherapy, but the overall proportions of patients achieving the three-point composite measures of A 1C <7%, BP <140/90 mmHg, and LDL-C <100 mg/dL and A 1C <8%, BP <140/90 mmHg, and LDL-C <100 mg/dL were not significantly different between the combination therapy and metformin monotherapy groups. Although meeting all the components of a composite measure may be interpreted as achieving the best patient outcome, evaluating the individual components is also useful to identify opportunities for the improvement of patient care.
The consistently higher proportion of patients achieving individual and composite quality measures with combination therapy may be due to the mechanism of action of dapagliflozin and the way in which it complements that of metformin. The use of these two medications in combination is appealing because each is efficacious in reducing A 1C through distinct pathways 32 and is associated with reduction or a neutral effect on body weight and a low risk for hypoglycemia. 1 When administered in combination, the tolerability profile of dapagliflozin plus metformin remains consistent with that of the individual components (eg, genital infection associated with SGLT-2 inhibitor therapy, gastrointestinal side effects associated with metformin), and no notable increase in the frequency of side effects has been observed with the combination. 35 The combination of metformin and an SGLT-2 inhibitor also helps to address several of the pathophysiologic defects in T2D, including reduction in insulin resistance 43 and improvement in β-cell function. 44, 45 In addition, the combination of these medications has the potential to reduce the risk of CV disease in patients with T2D by decreasing elevated BP and body weight in conjunction with decreasing hyperglycemia. 46 The use of SGLT-2 inhibitor has been found to be associated with an increase in plasma glucagon concentration and endogenous glucose production (EGP), which may diminish the glucose-lowering effects of these agents. 47, 48 This increase in EGP was shown to be potentially related to inhibition of SGLT-2 expressed in pancreatic α cells, which leads to increased glucagon secretion in vitro. 49 In vivo findings suggest that metformin may counteract the increase in SGLT-2 inhibitor−induced EGP and thus enhance SGLT-2 inhibitor glucose-lowering ability. 50 Although the exact mechanism by which metformin reduces EGP is unknown, a recent study suggests that the inhibition of mitochondrial glycerophosphate dehydrogenase and the consequent shift in redox balance in cytosolic and mitochondrial compartments are responsible for or contribute to the reduction in EGP. 51 The use of metformin with an SGLT-2 inhibitor to maximize glycemic control is supported by clinical trial data, which have demonstrated superior efficacy on glycemic outcomes with dapagliflozin and metformin combination therapy vs monotherapy with either component. 35 Time course analyses of changes in glycemic parameters also indicate that the synergistic effects of dapagliflozin and metformin combination therapy occur early, with improvements in fasting plasma glucose and reductions in A 1C exceeding those observed with metformin monotherapy noted at the first assessment at treatment Weeks 1 and 4, respectively. 52 Randomized controlled trials are the gold standard in evaluating the treatment efficacy. 53 Clinically meaningful trials account for a number of factors (eg, patient characteristics, disease, comorbidities, and drug regimens) to improve external validity or generalizability. 54 However, most trials are limited by prespecified inclusion criteria and are often performed under strictly controlled conditions, diminishing generalizability and applicability to routine clinical care. 53 Although this analysis provides insight into the effects of combination therapy with dapagliflozin and metformin on quality measures routinely implemented in clinical practice, the data used for pooling were from two randomized, double-blind, placebo-controlled trials. Thus, the outcomes may not be wholly applicable to everyday practice. More research is needed to evaluate the real-world effectiveness of dapagliflozin plus metformin combination therapy among patients with T2D.
Conclusion
A higher proportion of treatment-naive patients with T2D and poor glycemic control with diet and exercise achieved good glycemic control (A 1C ≤6.5%, <7%, or <8%), BP goals (<140/90 mmHg or <130/80 mmHg), and weight loss with initial dapagliflozin plus metformin combination therapy compared with treatment using metformin alone. The measures evaluated in this study reflect current performance measures and treatment goals adopted by US health care agencies (AHRQ, NQF) and association guidelines (AACE, ADA), underlining the relevance of our findings to today's clinical care. In addition, by helping patients achieve these targets, dapagliflozin plus metformin combination therapy may indirectly reduce the risk for future diabetes-related complications and help decrease downstream health care costs and resource use. Thus, in patients in whom diet and exercise modifications are inadequate to meet clinically meaningful treatment goals, initial pharmacotherapy with dapagliflozin plus metformin combination therapy should be considered as a potentially beneficial treatment option.
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